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INTRODUCTION

Supersonic flight through the atmosphere is always
accompanied by the formation of a shock wave at the nose
of the vehicle. When the body is slender and sharp nosed,
this wave is attached to the point at an oblique angle and
propagates away from and behind the vehicle. 1In cases
where the body is blunt (1) or the nose is rounded, the
shock wave is displaced from the nose (detached).

At low altitudes where the mean free path in the
atmosphere is much smaller than the characteristic
dimension of the pointed nose, shock attachment can be
easily predicted from the classical flow of an ideal gas
about an infinite cone (2). At higher altitudes, however,
the continuum flow model breaks down until at extreme
altitude the mean free path is much larger than the body
dimensions and the free molecular flow theory can be used.

Shock wave position is important in determining the
state of a gas sample aspirated into an airborne mass
spectrometer probe. Because of heating and compression in

the shcck wave and finite rate chemical reactions in the

region between the shock wave and the sampling orifice, mass

spectrometer measurements from such a probe will not reveal

the unperturbed state of the atmosphere when the shock is

detached (3). Numerical methods have been developed to
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simulate reactions in the region between the shock wave and

the nose (4,5). However, these require accurate knowledge
of reaction rates and particle energies which in some cases
are the variables being measured by the probe.

In order to minimize the effect of the bow shock wave
on measurements by a nose mounted mass spectrometer probe,
AFGL considered use of a conical probe in addition to the
blunt faced probe already in use (1).

The M.I.T. Aerophysics Laboratory was asked to conduct
wind tunnel tests of this proposed conical faced probe.
Because the initial probe design exhibited a detached shock
wave under test conditions at low altitude and M=4, this
program was directed to testing an improved configuration.
Later this wes extended to include full-scale tests at AEDC.

This report describes the results of these tests and
their impact on the use of conical mass spectrometer probes
at high altitudes. The results of these tests indicate that
the shock wave will be attached to a clean conical nose of
35° half angle at the anticipated flight Mach number near
M=3 for all altitudes up to 100 km. A typical flight
corridor is shown in Figure 1 for the UTE-Tomahawk vehicle
used to carry the mass spectrometer probe. At altitudes
below 60 km, the shock wave will be attached above M=1.71,

the lowest tested.

10




The AEDC tests showed that at the higher altitudes,

80~100 km in the transition flow regime, there is a small
upstream influence even when the shock wave is attached.
This is expected since the mean free path is much larger
than the nose radius under these conditions. The upstream
influence is, of course, very much greater when the shock
wave is detached. Specifically, at M=3 the density is
thirteen times higher and the temperature 2.8 times higher

behind a normal shock wave than ahead of it (2).

11
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M.I.T. WIND TUNNEL TESTS

In order to determine the region of the proposed
flight corridor of Figure 1 in which an attached shock
wave could be expected, wind tunnel tests were carried
out in the 18 x 24 inch supersonic wind tunnel at the
M.I.T. Aerophysics Laboratory.

Blunt Configuration

The first geometry tested was that for the anticipated
flight mass spectrometer and is shown in Figure 2. This is
a 1/10 scale model of the skimmer (AFCRL Drawing LKD 73-6912)
without the orifice, attached to a .9 inch diameter cylinder.
Because of the small scale, inclusion of the orifice and a
vacuum pumping system was not practical for the tests.

Later, full scale tests at AEDC with an aspirated orifice
showed no effects due to aspiration.

Because of the combination of a blunt nose and a short
sharp conical point in this geometry, theoretical prediction
of shock wave configuration is extremely difficult. This is
a result of the fact that a shock wave which is attached at
the tip will impinge on the shoulder. This can cause an
unstable shock wave which oscillates between an attached and
detached position. Indeed this was the case at Re=.138x106,
the highest Reynolds number tested with M=4, At lower

Reynolds numbers no oscillations were observed. The two

13




appropriate shock positions are shown in the Schlieren photo-

graphs of Figure 3, 3a, 4 and 4a. The blunt model was also
tested at M=2. A Schlieren photograph is shown in Figure 5.
Run conditions and measured standoff distances are given in
Table 1. Tabulated altitudes are for a full scale vehicle
(9" diameter) to experience the test Reynolds number at
test Mach number using the standard atmosphere (6).

Theoretical Limits on Shock Position

A brief investigation of available data for shock
position on the skimmer model (Figure 2) was carried out.
Data was found for the shock standoff distance from a
hemisphere cylinder (7) and from blunt-faced cylinders
used in previous wind tunnel blocking tests at the M.I.T.
Aerophysics Laboratory. This data is plotted in Figure 6
along with the results of the tests from Table 1. At
M=2 the blunt skimmer model behaves exactly like a blunt
cylinder. At M=4 the complex oscillation sets in and there
are three experimental results--one which is stable at low
Reynolds number and two which are bi-stable at high Reynolds
number.

For a model in the shape of a right circular cone, the
cone half angle for detachment can be calculated at high
Reynolds number from the tables of Reference 2. The results
are shown in Figure 7 for a=0 and a=25°, assuming the axial
component of Mach number and the local cone angle control
attachment. This figure shows clearly the advantages of a

small cone angle for providing an attached shock at low

supersonic Mach numher, |
b !
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35° conical Configuration

Because the attached shock region did not extend down
to sufficiently low Mach number for the blunt configuration
(Figure 2), the model was modified, és shown in Figure 8.
This 35° half angle nose reproduced the contours of
AFGL Drawing C-76-702, One small groove near the mid-length

of the cone was associated with the junction of the skimmer

with the mass spectrometer. The larger groove just ahead
3 of the shoulder was needed to connect the protective shield
used early in the flight.

This model was tested at M=3, M=2 and M=1.71 at
equivalent altitudes between 25 and 67 kilometers. Under
no condition of test was a detached or unstable shock ob-
served. The data are summarized in Table 2. At angle of
attack both windward and leeward shock angles were measured
with respect to the free stream direction. Shock angle at
zero angle of attack is plotted vs equivalent altitude in
Figure 9. Schlieren photographs of the shock position on

the 35° conical model are shown in Figures 10, 11 and 12.

Note that with the purely conical nose geometry the

shock wave was attached even at M=1.71, the lowest Mach

number tested.

An attempt was made to calculate the shock position as a

function of altitude at zero angle of attack by using the

classical boundary layer thickness to provide a modified

body shape. This approach was unsuccessful, yielding shock

15
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angle changes much larger than those observed. An empirical
fit was found using the analytical form but choosing the
constant multiplier to fit the M.I.T. wind tunnel data for

M=3. This relation

a0 4.6
—_ - - is plotted in
s YRe

o7

Figure 13 along with the M.I.T. and AEDC data. Here Os
is the measured shock angle from the model centerline and
dOs is Os minus the tabulated ideal shock angle for a 35°
cone at the test Mach number (2). Scatter is due to the un-
certainty in drawing and visually measuring a shock angle

on a photograph, particularly at lower Reynolds number.

The AEDC data indicate the trend for d0/0 to roll-off at

very low Reynolds number.

Arc Jet Tests

In order to extend the data from the M.I.T. supersonic
wind tunnel tests to higher altitude, a short series of tests
were conducted using a small nitrogen arc jet connected to
the wind tunnel auxiliary pumping system. The setup for this
test is shown in Figure 14. Here arc heated nitrogen is
supplied by an arc jet (8) to a water cooled plenum chamber.
The down stream end of the plenum chamber is connected to a
water cooled copper nozzle having an exit diameter of 3.1 inch
and a throat diameter of 0.9 inches. Downstream of the throat
region the nozzle diverges at a cone half angle of 15 degrees.
The nozzle exited forming a free jet in the test chamber,

which enclosed both model and diffuser.

16
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Because of the small size of the nozzle, the 0.75 inch
diameter (.083 scale) model was tested only at zero angle
of attack. Five runs were made, the flow for each being
mapped by a water cooled impact probe which was traversed
across tie jet just ahead of the model. To facilitate this
both mod:1 and probe were mounted on a rotatable arm so
one or the other was located in the stream. An angular
position signal was developed by a potentiometer connected
to the mounting shaft. Thus a plot of impact pressure vs
position was obtained as the probe was rotated across the
flow.

Mach number profiles are shown in Figure 15 as well as
the path taken by the probe across the jet. Data from these
runs is summarized in Table 3.

During all runs the shock wave was observed to be
attached but was only faintly visible to the naked eye as
observed in the self glow of the excited nitrogen. 35 mm
color photographs were taken for each run. However, they
were not sufficiently distinct to permit measurement of shock
| angles.

These runs are of value even without this measurement
because they provide low Mach number, high altitude informa-
tion. From these tests it appears that even at Mach numbers
as low as 1.8 the shock wave (although very diffuse), remains

attached at 85 km altitude. Because of the relatively low

mass flow through the arc jet, the arc stability was not good,

S
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leading to the inconsistency from run to run, as evidenced

in Figure 15, Since the pitot probe was water cooled and

was at constant temperature, no correction was made for

thermal creep. Mach number was calculated from impact to ’

static pressure ratios and normal shock tables (2).




AEDC TESTS

In order to verify the results of the M.I.T. wind
tunnel tests on the 1/10 scale model, tests of a full-scale
and 1/10 scale skimmer nose were carried out at Arnold
Engineering Development Center (9).

These tests included flow visualization photographs
of shock wave position using electron excited fluorescence
and spectrographic measurements of static density and static
temperature ahead of the skimmer orifice. Measurements were
made between -20 and +20 degrees angle of attack and up to
8 inches ahead of the nose.

Models

Both the full scale (9 inch diameter) and 1/10 scale
(.9 inch diameter) models were made of 6061 aluminum
duplicating the geometry of the M.I.T. tests (AFGL Drawing
C-76-702) which was a 35° half angle conical tip.

The 1/10 scale model, like the 1/10 scale model tested
at M.I.T., was solid with no aspiration at the tip. It was
machined from a solid aluminum bar with a 3/8 inch diameter
hard copper insert pressed into the nose. This insert was
machined along with the aluminum bar to provide a very high
heat conduction rate at the tip in order to survive possible
impingement of the electron beam. Model length was 15 inches
to match the support mechanism with its 15 inch extension

installed and position the tip at the same point in the test
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flow as the point of the full~scale model. For the full
scale model this support extension was removed.

The full scale model is shown in Figure 16. This
model was equipped with a cryopump to evacuate the region
in back of the skimmer orifice and provide exact simulation
of the flight condition for the aspirated mass spectrometer
probe. The model was constructed entirely of 6061-T6
aluminum alloy except for the copper tip and Kel-F insulator,
which provided thermal isolation for the cryopump section.

Two 3/4 inch tubes were provided to supply gaseous
helium refrigerant to the cryopump. Two 1/2 inch tubes
were also provided, welded just forward of the Kel-F
insulator, to permit measurement of the internal pressure
and to provide an outgassing channel for removal of the
cryodeposit from the pump during bakeout. This bakeout
line was connected to a solenoid valve at the base of the
model to vent the cryopump during bakeout and pumpdown.

Details of the cryopump are shown in Figure 17. Two
band heaters were provided as shown to bake off the cryo-
deposit between tunnel operating periods.

The model assembly was leak tight, as received at AEDC
and the cryopump operated as anticipated, consistently
maintaining a vacuum of below .l stream static pressure.
Cryopump pressure was usually between 0 and .1 millitorr,

as read by the MKS Baratron connected to the metering port.




Wind Tunnel

Tests were conducted in the space simulation chamber
10v at AEDC. This large cryopumped vacuum facility was
connected to a M=3 conical nozzle, which provided a free
jet in the vacuum tank (10). Flow from this jet was then

collected on the cryobaffles in the tank.

Calibration runs at each test condition were made ;

and were reported by McKay (9). Tabulated values of Mach

numbe; were taken from these calibration runs. Nominal
flow conditions are given in Table 4. For flow conditions
6, 7 and 8 the flow was merged with the nozzle boundary
layer. Mach numbers for these runs are therefore approxi-
mate because of the viscous correction applied to the probe
measurements (9).

Conditions 2-6 were obtained with normal liquid
nitrogen cooling in the nozzle. For these runs the core
flow diameter, where the pitot pressure was above .9 of
the centerline value, was between 15 and 12 inches and the
axial gradient was .0l6 per inch.

Conditions 7 and 8 were run with the nozzle cooled
only by radiation. They were made in order to extend the
Mach number range of the data. For these runs the core was
approximately 8 inches in diameter and the axial Mach number
gradient was .021 per inch (9). Test section Mach number is
plotted vs plenum (stagnation) pressure in Figure 18 for the

conditions of the test (9). Mean free path and unit Reynolds
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number are plotted in Figures 19 and 20 from earlier wind
tunnel calibrations (10).
Run Matrix

A listing of the data obtained at various run condi-
tions is presented in Table 5 for both the full scale and
the 1/10 scale model. Flow conditions refer to the listing
in Table 4. Model location with respect to the nozzle is
shown in Figure 21. Both models were positioned so their
nose tips were located at 0-0 when at the maximum upstream
position. Data was then taken as the model was moved down-
stream. Thus data at zero angle of attack was taken along
the body axis while data at other angles of attack was
taken along a horizontal line through the nose tip; i.e.,
a line through the tip parallel to the oncoming velocity
vector.

Experimental Results

Measured shock wave position determined from photo-
graphic data is summarized in Table 6 and values of d46/0
are plotted in Figure 13 for comparison with the M.I.T.
results. This shows that the empirical correlation found
for the M.I.T. results is also close to the AEDC results.
Measurements were made directly on glossy photographs
furnished by AEDC. Scatter is caused by the difficulty in
fitting the curved, diffused shock exactly. These showed
the lower portion of the flow region ahead of the model

nose in the recombination glow produced by the electron

22




beam. Vacancies in Table 6 are a result of the photographs
having insufficient contrast to delineate the high density
shock region from the background. Sample data photographs
for the two models are shown in Figures 22 and 23.
Spectrographic measurements of density and temperature
ahead of the model are summarized in Table 7. The tempera-
ture data is considered the best indication of local flow
state because the relative intensity measurement on which
temperatures are based is less susceptible to noise than the
absolute intensity measurement required for density determina-

tion. The density measurement could be effected by back

scattered electrons from the model nose. This is probably
responsible for the greater scatter in the density data.
Thus the point of temperature rise ahead of the vehicle is
believed to be the best indicatioun of the point at which
density is increased.

Temperature profiles directly ahead of the model are
plotted in Figures 24 to 30. Density profiles are given
in Figures 31 to 37. 1In these figures distance is non-
dimensionalized with respect to probe diameter and density
and temperature have been corrected for temperature drift
from run to run and non-dimensionalized with respect to the
value farthest from the tip; i.e., the free stream value.

It is apparent from these profiles that upstream influence

of the conical probe is relatively small even at high altitudes

23




and becomes larger as angle of attack is increased or as
altitude is increased, The effect is always much less

than the effect of a detached shock wave.

24




CONCLUSIONS

The tests at M.I.T. and AEDC wind tunnels indicate
that the full conical 35° skimmer nose, Figure 8,
operates with an attached shock wave over all test Mach
numbers from 1.71 to 3 at altitudes from 26 to 103 km.
In contrast the blunt configuration, Figure 2, has a
detached shock wave at M=2 at all altitudes tested and
has an unstable alternating (attached-detached) shock
wave at M=4 and 40 km altitude. At M=4 and 45 to 65 km
altitude the shock wave is stably attached. The regions
for an attached and detached shock wave in the Mach number
altitude plane are shown in Figure 38 “or the 35° conical
configuration.

The upstream influence at high altitudes is summarized

in Figures 39 and 40, which show T/T°° and o/o°° just ahead

of the nose as a function of altitude for the AEDC tests
at M=3.2 to 3.7. These provide a basis for correcting
temperatures and densities measured with the 35° conical probe

in this altitude range.

25
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Table 1

Results of Tests of First Geometry
(Figure 2) Skimmer at Zero Angle of Attack

Run :gzggr M po(psia) Al?;;?de Rex10~° %
A 65009 4 4.8 50 .035 .584
A 65010 4 1 62.5 .0072  .584
A 65011 4 <7 65.5 .005 .584
A 65013 4 1.8 58 .0128  .584
A 63014 4 3 53.5 .0212  .584
a 65015 4 6 48 .0416  .604 |
E A 65016 4 9 45 .0621  .604
A 65019 4 9 45 .0620 .604
! A 65020 4 20 39.5 .138 .566
, A 65021 4 20 39.5 .138 .510
B 65025 2 4.5 35.5 .0827  .904
B 65027 2 1 45.5 .0187  .892
B 65028 2 1.8 41.5 .0335  ,892 '
B 65031 2 3 38 .0551  .892 '
B 65032 2 6 34 .1089  .892 '
B 65034 2 9 30.5 .1640  .892
B 65040 2 15 27.5 .2621  .892
!
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Table 4

Nominal Test Conditions

p To Dengity
o Nozzle Mach Altitude
Condition Teorr)  (°Kr) Cooling Number Km
1* 1.500 270 LN, 3.75 69.5
2 1.000 275 LN2 3.71 72,5
3 0.450 280 LN, 3.64 17.5
4 0.400 840 LN, 3.60 84.5
5 0.150 290 LN2 3.49 83.0
€ 0.150 865 LN, 3.45 89.0
7) 0.100 300 Radiation 3.20 84.5
8 0.100 840 Radiation 3.16 89.5

*
Run only for calibration.
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Full-Scale Model

Condition

Table 5

Listing of Data Acquired

Angles of Attack (degrees)

Density
Temperature
Data

0 N o B s W

1/10 Scale Model

N O e W

20,10,0,-10
20,10,5,0,-10
20,10,0,-10
20,10,5,0,-10
20,10,5,0,-10
20,10,0
20,10,0
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Flow
Visualization

20,10,5,0,-5,-10,-20
20,10,5,0,-5,-10,-20
20,10,5,0,-5,-10,-20
20,10,5,0,-5,-10,-20
20,0

20,0

(SIS, RO S, RS |
-
o

20,10,5
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i
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Table 7

Spectrographically Measured Temperatures
and Densities from AEDC Tests

Run Mach Degrees Altitude

Number Number o km TR/Ts p/ps x/D
26 3.71 0 72.5 1.09 1.39 .629
27 3.71 0 72.0 1.15 1.48 .011
28 3.71 0 72.0 1.07 1.39 .032
29 3aTL 0 72.0 1.08 1.27 .067
30 37X 10 72.0 1.12 il .043
31 371 10 72.0 .96 .96 .064
32 3.71 10 72.0 .85 1.20 .099
33 3.71 10 72.0 .85 1.19 .682
34 371 10 74.0 o7 1.57 .682
35 3.71 10 73.5 .92 1.48 .682
36 3.71 10 73.5 1.05 .78 .064
37 3.71 0 73.0 1.00 Ref .629
39 3.71 0 7350 .99 - .629
40 3.71 0 73.0 1.00 1.23 .629
42 3.71 10 73.0 .87 1.28 .783
45 3.71 10 73.0 1.04 1.68 .021
46 3.71 10 73.0 1.12 1.46 .054
47 3.71 10 73.0 .94 1.36 .088
48 3.71 20 73.0 1.07 1.36 .896
50 371 =20 73.0 1.09 1.31 .880
51 3.71 =20 73.0 1.13 1.22 .021
54 371 -20 73.0 .96 1.29 .021
55 syl -20 73.0 1.00 1.33 .054
56 3.45 0 88.5 .92 .88 729
57 3.45 0 89.0 .99 1.05 .032
58 3.45 0 89.0 .93 .90 .112
59 3.45 0 89.5 .85 .92 .167
60 3.45 0 89.5 .99 1.08 .086
61 3.45 0 89.5 .88 Ref .783
62 3.45 0 89.5 .86 1.05 .783
63 3.45 0 89.5 .81 1.10 .279
64 3.45 10 89.5 1.12 1.58 0.0
65 3.45 10 89.5 1.02 1.38 .021
66 3.45 10 89.5 .86 1.06 .118
67 3.45 10 89.5 .84 1.11 .226
68 3.45 10 89.5 .83 1.13 .783
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Table 7 (continued)

Run Mach Degrees Altitude

Number Number o km TR/ Ts p/ps x/D
69 3.45 20 89.5 1.17 l1.71 0.00 1
70 3.45 20 89.5 1.05 1.38 .021

¥ i | 3.45 20 89.5 .87 1.12 .112 !
72 3.45 20 89.5 .83 1.07 .226 i
73 3.45 20 89.5 .83 1.10 .896 f
74 3.45 5 89.5 1.14 1.82 0.00 i
75 3.45 5 89.5 1.02 1.39 .021 !
76 3.45 5 89.5 .86 b G 57/ <112 ;
77 3.45 5 89.5 .81 1.19 .226 :
78 3.45 5 89.5 .88 1.19 = 157 !
79 3.45 =10 89.5 1.00 1.67 0.0
80 3.45 -10 89.5 1.00 1.41 .021
81 3.45 =10 89.5 .86 l1.12 .112
82 3.45 =10 89.5 .87 1.09 .226
83 3.45 =10 89.5 «86 1.07 .751

111 3.6 0 84.5 1.01 Ref .729

EE2 3.6 0 84.5 <91 1.40 0.00

113 3.6 0 84.5 1.04 1.16 .021

115 3.49 0 84.0 1.05 .92 .729

116 3.49 0 84.0 1.58 1.39 0.0

117 3.49 0 84.0 1.14 1.17 .011

118 3.49 0 84.0 1.01 Short .032

119 3.49 0 84.0 1.12 «95 .032

120 3.49 0 84.0 1.09 .93 12

121 3.49 0 84.0 1.09 .97 .220

122 3.49 0 84.0 1.06 Ref .729

123 3.49 5 84.0 1.02 .98 .757

124 3.49 5 84.0 1.69 1.58 0.0

125 3.49 5 84.0 1.43 1.16 .021

126 3.49 5 84.0 1522 1.19 .021

127 3.49 5 84.0 1.13 .96 .053

128 3.49 5 84.0 1.08 1.01 112

129 3.49 5 83.5 1.07 .97 .220

130 3.49 10 83.5 111 1.01 .059

131 3.49 10 83.5 1.42 1.19 0.0

132 3.49 10 83.5 J5e21 1.04 .021

133 3.49 10 83.5 1.04 .98 <112 {
134 3.49 10 83.5 1.07 .99 .220 :
135 3.49 10 84.0 1.05 1.02 .783 |
136 3.49 20 84.0 1.10 1.01 .896

137 3.49 20 84.0 L:32 1.22 0.0

138 3.49 20 84.0 1.19 Lol .021
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Table 7 (continued)

Run Mach Degrees Altitude

Number Number o km TR/Ts p/ps - x/D
139 3.49 20 83.5 1.10 .94 .053
140 3.49 20 83.5 1.08 .89 .112
141 3.49 20 83.5 1.06 .93 .220
142 3.49 20 83.5 1.04 .98 .020
143 3.49 20 83.5 1.09 .96 .052
144 3.49 20 84.0 1.06 1.01 .104
145 3.49 20 84.5 1.01 1.07 .730
146 3.49 -10 84.5 1.29 1.16 0.0
147 3.49 -10 84.5 1.08 .95 .021
148 3.49 =10 84.5 1.03 .91 .059
149 3.49 -10 84.5 1.04 92 .112
150 3.49 =10 84.0 1.00 .87 .220
151 3.49 -10 84.0 1.06 .89 .751
175 3.64 0 775 1.07 1.12 0.0
176 3.64 0 T o5 1.09 .98 .021
177 3.64 0 747, 8] 1.05 .95 .053
178 3.64 0 77.5 1.07 .84 .112
179 3.64 0 77.5 1.07 .83 .220
180 3.64 0 7.5 1.04 .91 .729
181 3.64 5 775 1.20 1.04 0.0
182 3.64 5 7ileS 1.06 .91 .021
183 3.64 5 77.5 1.00 1.01 .053
184 3.64 5 77.5 1.09 .93 .112
185 3.64 5 T7e5 1.03 .89 220
186 3.64 5 775 1.02 Ref 757
187 3.64 10 1745 1.01 .93 .783
188 3.64 10 7745 Lol X .99 0.0
189 3.64 10 1T S L0007 .92 .021
190 3.64 10 775 1.04 97 .053
232 3.20 0 84.0 1.01 1.02 .729
233 3.20 0 84.0 1501 Ref 129
234 3.20 0 84.0 1.02 .98 .220
235 3.20 0 84.0 1.14 1.09 0.0
23€ 3.20 0 84.0 1.14 1.08 0.0
237 3.20 0 84.0 1.07 .99 .021
238 3.20 0 84.0 1.04 «97 .053
239 3.20 0 84.0 1.02 .98 .112
240 3.20 10 84.0 1.04 «97 .783
241 3.20 10 84.0 1.22 1<13 0.0
242 3.20 10 84.0 1.07 1.01 .021
243 3.20 10 84.0 1.05 «97 .053
244 3.20 10 84.0 1.01 .97 «123
245 3.20 10 84.0 1.02 .96 .220
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Table 7 (continued)

Run Mach Degrees Altitude

Number Number o1 km TR/Ts p/ps x/D
246 3.20 20 84.0 1.02 1.00 .896
247 3.20 20 84.0 1.08 1.07 0.0
248 3.20 20 84.0 1.06 1.02 .021
249 3.20 20 84.0 1.06 1.01 053
250 3.20 20 84.0 1.04 .98 s 123
251 3.20 20 84.0 1.02 99 220
273 3.16 20 90.0 .93 Ref .896
274 3.16 20 90.0 1.01 1.27 0.0
275 3.16 20 90.0 1.08 1.17 .021
276 3.16 20 90.0 1.00 1.05 .053
277 3.16 20 90.0 97 .95 o112 ]
278 3.16 20 90.0 «91 AL .220
279 3.16 10 90.0 .96 +35 .783
280 3.16 10 90.0 1.03 1.18 0.0
281 3.16 10 90.0 1407 1.01 .021
282 3.16 10 90.0 1.00 .99 .053
283 3.16 10 90.0 92 « 97 A 17
284 3.16 10 90.0 .88 .98 .220
285 3.16 0 90.0 .96 .96 129
286 3.16 0 90.0 .11 1.05 0.0
287 3.16 0 90.0 1.00 «93 «112
288 3.16 0 90.0 «92 .92 226
300 3.60 0 84.5 «95 oiL7 «729
301 3.60 0 84.5 .96 1.09 .011
302 3.60 0 84.5 1.22 .98 .032
303 3.60 0 84.5 1.01 .90 .053
304 3.60 0 84.5 .90 1.01 o112
305 3.60 0 84.5 .84 .95 .220
306 3.60 10 84.5 .90 Ref .783
307 3.60 10 84.5 .91 1.03 .053
308 3.60 10 84.5 «92 .96 .076
309 3.60 10 84.5 .94 .96 .108
310 3.60 10 84.5 .93 «97 .167
311 3.60 10 84.5 .90 « 97 «213
312 3.60 20 84.5 .93 1.03 .896
313 3.60 20 84.5 1.15 1.11 0.0
314 3.60 20 84.5 .96 1.13 .021
315 3.60 20 84.5 1.01 1.00 .053
316 3.60 20 84.5 .95 1.02 «220
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Table 7 (continued)

Run Mach Degrees Altitude

Number Number o km TR/Ts p/ps x/D
317 3.60 -10 84.5 .93 1.03 a 15X
318 3.60 -10 84.5 1.09 1.40 0.0
319 3.60 =10 84.5 .91 1.01 0 iy
341 3.64 20 815 .90 1.05 0.0
342 3.64 20 81.0 91 1.06 .021
343 3.64 20 81.0 .88 1.02 .053
344 3.64 20 81.0 .90 1.03 .220
345 3.64 10 80.5 .92 .92 .108
346 3.64 10 80.5 .93 .99 w23
347 3.64 =10 80.0 1.00 91 s 151
348 3.64 =10 79.5 .96 1.00 o112
408* 3.20 5.5 97.0 1.24 1.15 0.0
409* 3.20 5.5 97.0 oLl 982 21
410%* 3.20 55 97.0 110 954 .53
411%* 3.20 5¢5 97.0 1.09 .916 1.34
412* 3.20 569 97.0 1.06 931 2,41
413* 3.20 5.5 97.0 1.07 .998 3.49
414%* 3.20 5e5 97.0 1.03 Ref 6.43
415* St 5.5 87.0 1.07 1.24 0.0
416* 371 5le 5 87.0 1.06 123 0.0
417* 3«71 515 87.0 1.00 1.14 =53
418% 3.71 51ei5 87.0 1.03 1.03 «53
419* ST 5lel5 87.0 1.06 93 1.34
420* 3.71 55 87.0 1.08 <96 137
421+* e 7l 55 87.0 1.05 1.01 2.41
422%* el 55 87.0 1.04 Ref 2.41
428* 3.45 55 103 1.06 1.73 0.0
429* 3.45 5.5 103 1507 1.80 0.0
430* 3.45 545 103 1.09 1.45 g |
431+ 3.45 5.0 103 Ll 1.29 «93
432% 3.45 565 103 .88 L2l L34
433* 3.45 545 103 .82 1.16 2.41
434* 3.45 5.5 103 .93 1.08 3.49
435* 3.45 565 103 .94 Ref 6.01
436* 3.60 55 98 1502 1s13 siLL
437* 3.60 5540 98 .98 Ls13 21
438%* 3.60 5.5 98 .93 1.05 o]
439* 3.60 Sl 98 .90 .97 1.34
440* 3.60 565 98 «IL 101 2.41
441* 3.60 5¢9 98 et .97 3.49
442* 3.60 Seo 98 .91 Ref 6.01

—
Runs from 408-449 were for 1/10 scale model.
All others were full-scale model.
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Table 7 (continued)

Run Mach Degrees Altitude

Number  Number a km TR/Ts p/ps x/D
443* 3.45 0 103 .97 2.67 0.0
444x* 3.45 0 103 1.03 1.61 g o |
445% 3.45 0 103 .89 1.58 o3&
446* 3.45 0 103 .87 1,45 1.12
447* 3.45 0 103 .87 1.26 2,18
448%* 3.45 0 103 .87 1.23 3.27
449%* 3.45 0 103 .81 1.24 5.79

*Runs from 408-449 were for 1/10 scale model.

All others were full-scale model.
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jure 4., Alternate Shock Posi ] :
and 39.5 Km Equivalent 1 titue - Shock Detac!

Photo 65021
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! 'igure 5. Blunt Model at M=2 and 38 Km Equivalent Altitu
Photo 65031







MIT Blocking Tests on Circular
Cylinder and Disc

O Hemisphere Cylinder (7)

1.4 X Wind Tunnel Test of Blunt
Skimmer Model

|
.
[ (@)
|
|

o2

Average for M=2 runs
Re=.019 .262 x 106

Skimmer Tip Location

Average for

Re=.005 .062 x 10°

Bistable attached

Photo 20
\\\\____ Bistable detached
Photo 21
Re=.138 x 10°
O
A
Mach Number
| ‘ | | e J
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Figure 6. Shock Standoff Distance from Blunt Skimmer
compared to Cylinders and Hemisphere Cylinders
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Ideal Cone Flow

a = 1.4 (2)
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Figure 7. Cone Angle for Shock Wave Detachment
vs. Mach Number
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Figure 10. 357 Conical Model
at M=2 and Equivalent
Altitude 45.5 Km

Photo 65064 Enlarged .
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e 11. 35° Conical Model
M=1.7 and Equivalent

A

E

nltitude 43 Km b
Photo 65084 Enlarged i
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Figure 12. 35° Conical Model
at M=3 and Equivalent
Altitude 48 Km

Photo 65091 Enlarged
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Temperature Influence Factor
for Upstream Influence at M=3-4
from AEDC Tests of 35° Conical Skimmer
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